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EXAMPLES

1. Examples of typical static loading conditions for single and multiple

wedge systems are presented in this Inclosure.

2. These examples are provided to clearly demonstrate the procedure for

applying

multiple

the general wedqe equation to the sliding analysis of sinqle and

wedge systems. The variation of uplift pressure, orientation of

failure planes, etc., used in the examples were only selected to simplify

the calculations, and are not intended to represent the only conditions

to be considered during the design of a hydraulic structure.
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&amplel: Single Wedge

Determine the factor of safety against sliding for the following single wedge system

yw = 62.5

Pk.
pcf ~

0.7

100 11

L

7C= 150pcf
v=—

100 yw
~ L1 = 75’+

In . 450
1
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Free Body Diagram

General Wedge Equation
tafd +; c,

[(Wi+ Vi) COS~i - Ui+[HLi-HRi)$in ail F:;i——’ -

Pi_, -Pi=
(HLi– HRi)COSai+(Wi+ Vi) sins.~&Li

I

tan $ i

(COSUi - sinui —- )
FSi

Solva for Safety Factor ( FS)

j=l HR1=O Vl=f) P. P1=O U,= OCOSQ1=l sirlal ‘O

tan $5

O=(W1– U1)— —–HL1+ ‘Ll
Fe FS

1 1
HL1 =—(100)2YW = 3f2.5k U1 =—(75) (100) yw= 234.4k t WI = 603.8’1

.
f! L

(W1– U1) tan45°+c ,Ll
FS =

‘Ll

[603.8 - 234.4) (1) + 10 (75) (369.4 + 750)
FS = . = 3.5a

312.5 312.5
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Example 2: Multiple Wedges

Determine the factor of safety against sliding for the following fivewedgesvstetn

\.
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s
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Sliding Stability Analysis
Example: Five Wedge System

Free Body Diagrams of Wedges

wedge
No. 1
(i= 1}

/ N2

No. 2
(i= 2)

Wedge
No. 3

(i =3)

Wedge
No. 4

(i =4)

Wedge
No. 5

(i =5}
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Slidinq Stability Analysis
Example: Five Wedge System

General Wedge Equation

tan di
[( Wi*Vi)cOsa i- Ui+(HLi -H Ri)sinai]_

Ci

Pi_, –P;=
–(HL; -H Ri)cosai +( Wi+Vi)sinai+_Li

FSi FSi

I

I

~

#+Ili/,’,.‘,
0 ““ .—.——.++x,

—a;

‘\
‘.
‘~+ti

tan@i

(COSai– Sinai —)
FSi

t

‘Yi

F
-.*‘ti+Ili .-’.

h
,.-’

‘\\

‘,
‘.
‘\ +a 1

0 — ‘- —- —-*+Xi

Sign Convention for General Equation

Wedge Forces for Trial Safety Factor of 1.5

1=1 HLi=HRi=O

Ian #1 tan 20
tan+d=— =— @d = tan-? (0.243) = 13.64°

FSI 1.5

+d

al=-(45°+—)=–51,820

2

I

This orientation of the failure path

sln (-51.82) = –0.786 is only true if thestratification and
surface are horizontal

COS(–51,82) = 0.618

LI = 5/ sin (-51.82)1 = 5/0.786 = 6.36’
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Sliding Stability Analysis
Example: Five Wedge System

.

WI= 1(0.117) (5)*6 .36cos (-51.82) = 1.15k J
2 1 7.29k $

V, = (25’’.0625) 6.36 COS (–51.82) = 6.14k ~
1

1

u,=: (.0625) (25+30) 6.36 = 10.93k?
2

tan 20
[7.29 (0.618) – 10.931 —+ 7.29 (--0.786)

(P. – P,)= 1.5 = –9.olk
tan 20

[0.618 – (–0.786)—]
1,5

~ HLZ=HRZ=O

tan # z tan 30
‘1 (0.385) = 21.05°tan+d=—.c @d = tan

FS2 1.5

@d
a,=-. (45 +—) = –55.530

2

sin (-55.53) = –0.8244 COS (–55.53) = 0.566

L2 = 10/ Isin (–55.53)1 = 12.13’

1

w~=0.117 (5) (12.13 x0.!j66) +–(.122) (10) (12.13X0.566) = 8.20k$
2.

V2 = (25X.0625) (12.13X0.566) = 10.73k 1

1
U2=–(0.0625} (30+40) (12.13) = 26.53k7

2
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Sliding Stability Analysis
Example: Five Wedge System

tan 30
[18.93 (0.566) - 26.53] —+ 18.93(–.8244)

(P, –P2)= 1.5 =- 24.56k
tan 30

[0.566 – (-0.8244) 1
1.5

(Pl - Pz) = 2~.56k

_ “3 =9.5° h =51sin 9.5=30.3’i=3

H~ =1(0.0625) (25)2= l;.53k HR3 =0
-L

U3=: (0.0625) (40+10) (30.3) = 47.33k Y

2

W3=122.4k1
sin 9.5° = 0.165 COS 9.5 = 0.986

tan 30

[122.4 (.986) -44.1~1 —- 19.53 (0.986) + 122.4 (.165)

(p2-p3)= 1.5 =j2.97k

tan 30
(.986 – .165 X—)

1.5

(P2 - P3)‘3z:97k

tan ~4 tan 30°
‘1 (0.385) = 21.05°tan @d =— =— $d = tan

FS4 1.5

1

.4 “ 45 –– +~ = 34.475°
2

sin (34.475) = 0.566 COS(34.475°) = 0.824
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Sliding Stability Analysis
Example: Five Wedge System

LA = 5/ sin 34.475 = 8.83’

1

W4= (0.132) (5) (8.83X.824) +–(0.122) (5) (8. S3X0.824) = 7.02k J

2

U4=‘(0.0625) (5+10) (8.83) = 4.14k ~
2

tan 30
[7.02 (.824) -4. 14] —+ 7.o2 (,566)

(P3 –P4)= 1.5 = 7.59k
tan 30

[0.824 – 0.566 ~
1.5

tan 45 tan 40
tan$d=—. — +d = tan-l (0.559) = 29.22°

FSS 1,5

1

a, = (45 -–+d) = 30.38 sin 30,38 = 0.5058 COS 30.38 = 0.8626

2

Ls = 51sin 30.38 = 9.89’

Ws =1(0.132) 5 (9.89X0.8626) = 2.82k 1
2

us =:(0.0625) (5) (9.89) = 1.545k t
2

tan 40
[2.82X.863 – 1.54] — + 2.82X.506

(P4-PS)= 1.5 = 3.32k
tan 40

[.863 – .506 ]
1.5
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%~.,ng Stability Analysis
~o~-xample: Five Wedge System

lb
Summary: Wedge Forces for Trial Safety Factors

FS=l.5

i ‘i Li HLi

1 –51.82 6.36 0

2 –55.53 12.13 0

3 9.5 30.3 19.53

4 34.47 8.83 0

5 30.38 9.89 0

FS = 2.5

i ai Li H Li

1 –49.14 6.61 0
2 –51.5 12.78. 0

3 9.5 30.3 19.53

4 38.5 8.0 0

5 35.72 8.56 0

FS = 2.0

i ‘i Li H Li

1 –50. 16 6.51 0

2 –53.05 12.51 0

3 9.5 30.3 19.53

4 36.95 8.33 0

5 33.62 9.03 0

HRi

o
0
0
0
0

HRi

o
0
0
0
0

HRi

o

0

0

0

0

Vi

6.14

10.73

0
0
0

Vi

6.75

12.43

0

0

0

Vi

6.52

11.73

0

0

0

Wi

1.15

8.20

122.4

7.02

2.82

Wi

1.27

9.50

122.4

6.06

2.29

Wi

1.22

8.97

122.4

6.43

2.48

Ui (pi_, - Pi)

10.93 –9.01

26.53 -24.56

47.33 32.97

4.14 7.59

1.54 3.32

APR = 10.31

Ui (pi_, - Pi)

11.36 -9.10

27.95 -25.48

47.33 19.65

3.76 6.26

1.34 2.45

APR = -6.20

Ui (pi_, – ‘i)

11.19 -9.06

27.37 -25.13

47.33 24.53

3.9 6.73

1.41 2.75
-

APQ = -0.18
11
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Sliding Stability Analysis
Example: Five Wedge System

Graphical Snl~ftinm I-. ~~fety Factor

The safety factor for sliding equilibrium of the five wedge system is determine from:

5 [APR=O
v (pi_, - Pi)=JP~ .
i=l [Apff*O

10

9

b

7

6

5

4

3

2

1

-1

-2

-3

-4

-5

-6

-7

Safety factor for equilibrium

For tria I safetv factors

‘\
-APQ

\
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